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AN ACCURATE, HIGH-SPEED, AUTOMATIC 
LINE-VOLTAGE REGULATOR 


• STABILITY OF A-C LINE VOLT¬ 
AGE is a primary requirement both in 
the laboratory concerned with precise 
measurement and in the industrial plant 
where processes must be precisely con¬ 
trolled. While manual control with a 
Variae® Autotransformer is adequate for 
many purposes, a completely automatic 
control system, w'hich eliminates the need 
for an operator, is more satisfactory. 

Most automatic regulators use vac¬ 
uum tubes, saturating core devices, or 
mechanical systems as the regulating 
elements. For industrial and general 
laboratory use, the relativ^ely high power 
rating required precludes the use of 
vacuum tubes. The magnetic type, using 
a saturable-core reactor as a series im¬ 
pedance, although fast-acting and eco¬ 


nomical in small sizes, requires a restric¬ 
tion on load power factor and distorts 
the output w'aveform. 

For many applications, the mechanical 
regulating system is, therefore, the most 
suitable. A Variac® adjustable auto- 
transformer and an automatically con- 
tmlled motor drive make an excellent 
regulator of this type. Although this reg¬ 
ulator is inherently somew'hat slower in 
response than the magnetic type, its 
speed is still adequate, it has high effi¬ 
ciency, it has no power-factor restric¬ 
tions, and it adds no harmonic distortion 
to the input voltage. 

The Type 1570-A Automatic \'oltage 
Regulator is a high-speed mechanical 
regulator with ±0.25% accuracy and 
excellent transient response, combinetl 


Figure 1. Panel view of the Type 1570>A Automatic Voltage Regulator. 
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with OKVA capacity, 98% efficiency, 
and no distortion or power-factor re¬ 
strictions. Basically, tliis new regulator 
consists of a Variac auto transformer that 
adjusts the output voltage, a “buek-or- 
boost," step-down transformer that 
effectively multiplies the power rating 
of the Variac, and a servomechanism 
that positions the Variac. 

VOLTAGE ADJUSTING SYSTEM 

The ^‘buck-or-boost" circuit used as 
the means of control is shown at the left 
in the functional diagram of Figure 2. 
This circuit, which we have previously' 
recommended for manual line-voltage 
compensation, permits the control of 
high-power circuits with a low-power 
Variac, thus effectively multiplying the 
\'ariac rating. 

The auxiliary transformer uses mul¬ 
tiple windings to provide either a ±10% 
or ±20% correction range at 115 or 230 
volts. The \'ariac autotransformer is a 
special ball-hearing model. Its Dura- 

*S<rf opemtitie iiutnu'Uoua for V'armcW Autotranafurmers. 


Irak contact surface provides a stable 
brush track capable of withstanding 
severe overloads, while the ball bearings 
minimize friction and give long life in a 
service demanding continual motion of 
the brush. 

SERVOMECHANISM 

A two-phase servo-motor operated by 
a control circuit positions the Variac so 
that the output voltage is held constant. 
The superior performance of this regu¬ 
lator is due in large part to the excellent 
design of the control circuit: 

(1) The system utilizes a proportional- 
control serv^omechanism rather than the 
on-off type of control often used in this 
type of equipment. This fields l>etter ac¬ 
curacy than would be obtained with re¬ 
lays. 

(2) A low-inertia servo motor with 
dynamic braking gives good band width 
and resultant excellent transient re- 
sponse. 

(3) No power amplifiers to supply the 
motor control windings are used. Motor 
pow’er is obtained directly from the a-c 
line. The control unit controls the phase 
angle between the voltages applied to 
the two-phase armature and, thus, the 
rotation of the motor. 

(4) Optimum design of the control 
unit utilizing appropriate lead and lag 
networks results in high response speed. 


Figure 2. Functional diagram showing the buck-or>boost circuit. 
STSP-DOWN 
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accuracy, and excellent overshoot char¬ 
acteristics. 

Figure 3 is an elenu‘ntary circuit dia- 
Krani of tlic control unit. The regulated 
output voltage is measured with an av¬ 
erage-response full-wave rectifier to ob¬ 
tain a d-c voltage proportional to the a-c 
output voltage. The d-c value of this 
rectified voltage is obtained by providing 
a resistive load for the rectifiers and filter¬ 
ing the ripple voltage. The use of a full- 
wave rectifier separates the undesired 
ripple frequency as far as possible from 
the j>ass band of the regulator; and the 
ripple filter provides an infinite rejection 
at the 120-cycle ripple frequency, with 
negligible phase shift below 5 cps. The 
rectifiers are germanium junction diodes, 
which pro\ude a high rectifier efficiency 
and thus minimize any effect of changes 
in rectifier characteristics. 

This filtered voltage is compared with 
a standard voltage from a 5G51-type 
voltage reference tube. The difference 
between these voltages is the error volt¬ 
age and is used ultimately to repositiofi 
the V'ariac. 

The amplified error voltage is applie<i 
in push-pull to a thyratron motor con¬ 
trol circuit. The thyratrons are provided 
unth a 60-cycle bias voltage at a 90° 
phase angle with respect to the a-c plate 
voltage. The amplified d-c error voltage 
superimposed on this a-c bias voltage 
smoothly changes the thyratron firing 
angle from near 0° to 180*^. 

A two-phase motor is supplied with 


60-cycle power from the |X)wer line 
through the thyratron control circuit. 
Through variations in their firing angles, 
the thyratrons control the relative phase 
angle between the motor-winding volt¬ 
ages. Their distorted output voltages are 
filtered with resonant circuits and ap¬ 
plied to the mt)tor windings. As the 
thyratron firing angle changes from 0° 
to 180°, the angle between the motor 
voltages changes continuously from ap¬ 
proximately -f90° to —90°. At balance, 
full voltage is applied to both motor 
windings at a zero-degree phase angle. 
The resultant d>niamic braking im¬ 
proves the transient resfionse. 

ACCURACY 

The motor torque is proportional t<i 
the error voltage and any error voltage 
greater than that required to overcome 
frictional forces results in acceleration 
of the motor until this error voltage is 
substantially eliminated. A limit on the 
ultimate accuracy of control is imposed 
by the fact that the motor cannot re¬ 
position the Variac until its torque is 
greater than the small friction losses in 
the system. These have been reduced 
to the point where other factors, such as 
limitations in the accuracy of the voltage 
reference tube, the magnitude of the 
voltage steps from the Variac, and in¬ 
itial-electron-velocity effects in the input 
amplifier, would combine to prevent any 
substantial increase in accuracy from a 
further decrease in friction. 


Figure 3. Elementary schematic diagram of the control circuits. 

UOroH CONnfOL 
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to maximum negative, the time is 2 
seconds or less. 

Accuracy is better by a factor of 2 on 
the narrower range. For either connec¬ 
tion, accuracy can be increased slightly 
by adjustment of the gain control, if 
greater-than-normal overshoot can l)e 
tolerated. Normal adjustment is for neg¬ 
ligible overshoot. When the degree of 
overshoot is thus increased, the total 
time required for the correction is un¬ 
changed. 

As shown in Figure 1, there are but 
two panel controls — a switch to cut out 
the control unit and an output voltage 
adjustment accessible with a screw¬ 
driver. The gain control referred to 
above is behind the panel. The dial 
showm at the right of the panel is on the 
Variac shaft. Calibrated from —10 to 
+ 10, it indicates continuously the angu¬ 
lar setting of the V'ariac and hence acts 
as a visual monitor to show how much 
of the range of control is being used at 
any instant. The calibration corresponds 
appro.ximately to per cent of nominal 
line voltage for the =fcl0% range. 

APPLICATIONS 

The outstanding performance and 
large capacity of the Type 1570-A Auto¬ 
matic Voltage Regulator make it useful 
for a large number of applications. 
Models ai-e available for both 115 and 
230 volts, in three types of mounting: 
(1) metal cabinet with end frames for 
laboratory bench use; (2) metal cabinet 
with fittings for relay-rack mounting; 
and (3) metal box for mounting on wall 
or switchboard. The laboratory bench 


Figure 4. Range of operation for 1 15*volt modeti; for 

230-volt models, multiply voltage scoles by 2. 

OPERATING CHARACTERISTICS 

The excellent performance character¬ 
istics of the Type 1570-A Automatic 
Voltage Regulator — speed, accuracy, 
range, etc. — were mentioned briefly at 
t he beginning of this article and are given 
in detail in the specifications at the end. 

The range of operation is showm 
grapliically in Figure 4 for 115-volt 
models. Multiplying both voltage scales 
by 2 gives the range for 230-volt models. 
It should be noted that when the range 
of control is doubled (from ±10% to 
±20%), I he KVA rating is halved. A 
change of internal connections is neces¬ 
sary to change from one range to the 
other. 

Response time, accuracy, and tran¬ 
sient response are all interrelated. The 
response time for the ±10% range on 
the 115-volt model is 0.1 second per volt; 
for the ±20% range on the 230-volt 
model, it is 0.025 second per volt. Re¬ 
gardless of voltage rating or range con¬ 
nection, the time required for coirection 
over any given fraction of the available 
range is constant. For the complete 
range, i.e., ma.ximum positive correction 



1 




Figure 5. The oscillograms below show traces of 60-cycle voltage sine-wove peaks illustrating the response speed 
of the Type 1 570 Line Voltage Regulator, (o) Left, 2% chonge (step function) In voltage input to regulator; (b) 
center, voltage output of regulator os o result of 2% input voltage change shown in (a); (c) right, voltage output 
of regulator os the input voltage is changed 1%, 
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models, Types 1570-ALM,—AHM, are 
^ provided with standard 15-ampere line 
cords, 80 that the refcnlator plugs directly 
between line and load where the load 
current is small. In addition, for higher 
current applications, 50-ampere termi¬ 
nals are provided. The Types 1570- 
ALR, -AHR can be relay-rack mounted 
to regulate the supply to an entire rack 
or group of racks. 

In our own plai»t we use the 115- 
volt wall-mounting mo<lel, Type 1570- 
ALW, with a fuse box and disconnect 
switch, to regulate one side of the bal- 
ance<i 230-volt line in the engineering 
lalK)ratories. Thus each room is provided 
with half its 115-volt Pierceway outlets 
regulated and the other half unregulated. 
This installation is shown in Figure 6. 

For the laboratory engaged in elec¬ 
trical and electronic measurements, regu- 
latetl line voltage is an essential. In a 
^ measurement setup using a number of 
indicating instruments — meters and 
oscilloscopes — for measuring gain, 
power, waveform, etc., regulated a-c 
supply jissures stable, rejjeatable indi¬ 
cat ioius. In the adjustment and calibra¬ 
tion of bolometer bridges;in |)erformance 
tests on rectifiers; in sensitive electro- 
medical instruments such as electro¬ 
cardiographs and clectroencephalo- 
gra|)hs, regulated line voltage facilitate^j 
accurate measurements. Light measure¬ 
ments with a-c lamps are particularly 
affected by supply-volt age variations; in 
photometry as well as in photographic 
work where color temperature is im¬ 
portant, a line-voltage regulator finds 
many uses. 

The Type 1570-A Automatic Voltage 
Regulator, owing to its high accuracy 
and speed of response, is particularly 
well suited to these applications in the 
field of precise meanrement. 

— M. C. Holtje 



Figure 6. Wait-mounting model. Type 1570-AlW, o> 
imtalled in the General Radio engineering laboratories. 


SPECIFICATIONS 

Output Voltage: Adjustable over a of 

± 10% from a base value of 115 voltfi (for Tyi*f. 
1670-AL) or 230 volta (for Type 1570-AH) 
by moans of a Horow-driver adju:*tmont on 
p^uiol. 

Input Voltage Range: The desired output voltoi^e 
will be maintained if the input voltage does 
not vary by more than ±10% from this value 
of output voltage. A ±20% range roniu*etion 
is also available fseo fcMitnote below). 


Output Voltage 

t to Nominal 
AdjmtabU 
±10% 

230 Nominal 
Adjustable 
±10% 

Input voltage na 
n percentage of 
output voltagi** 

OO^f 

to 

110% 

80% 

to 

120% 

90% 

to 

110% 

80% 

to 

120% 

Output current 
amp{‘res 

50 

25 

20 

10 

KVA 

6 

3 

5 

2.5 

Accuracy in % 
of output voltage 

0.25% 

0.5% 

0.25% 

0.5% 

Speetl of 

Rcaponae volts 
p<?r second t 

10 

20 

20 

•10 


*TTrBe 1570-AI. and 1&70-AH can be oonneoted for 
either ±.\0% or ±.2Q% input ToItAgc range. Inatrumentu 
are ehipped conneotod for ±\0% range unleaa 20% range 
ia epecified on order. 

tSli^itly lean for very snutll voltage correctione 
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Wovoform Diitaftion: No distortion. Output 
waveform same as input. 

Wovaform Error The voltage seiLstng dc\nce re¬ 
sponds to the average value of the rectifii*d out¬ 
put voltage. Therefore, the average value of 
the output voltage is held coiuftant, and a 
lo:uled cl-r power supply operated from the 
output of the regulator will give constant out- 
put voltage regardless of the harmonic dis¬ 
tortion present in the power line. The mis out¬ 
put voltage will al.so remain constant, regardless 
of the harmonic distortion present, as long as 
the phas(> and amplitude of these harmonics 
are constant. If the harmonic content chtuiges, 
the mis value will chan^ by an amount less 
than A/2/n, where is the change in the 
hxumonic amplitude and n is the harmonic 
number. 

Efficisney: 98% 


Ambisnf Tsmparotur*: Full ratings applv Up to 
40®C. 

Fr«qw«ncy: Standard models, (K) cycles. The in¬ 
strument can be modifiinl at the factory for 
opt?ration at 50 cycles. There is a nominal 
charge for this modification, which must be 
made before shipment. 

Power Consumption: No Load 35 watts 

Full Ixiad 100 watts 

Mounting: Relay rack (-R model), table top 
(-M model), or wall (-W model). 

Dimontiont: (Width) 19 X (height) 7 X (depth) 
I2}i inches, over-all; d^th benind panel 11?^ 
inches, for -R and -Nl models; -W models, 
(width) 13 H X (height) 19H * (depth) 8Vi 
inches, over-all, in position shown in Figure 6. 

Not Woight: Relay-rack and tabic models, 56^3 
{lounds; wall model, 63pounds. 


Type Code Word Price 


1570.ALM 

Line Voltage Regulator, 115 volts, toble top model 

('EDAR 

$470.00 

1570-ALR 

1 Line Voltage Regulator, 115 volts, relay rack model 

CHARY 

465.00 

1570-ALW 

Line Voltage Regulator, 115 volts, wall model . . . 

CLOWN 

465.00 

1570-AHM 

Line Voltage Regulator, 230 volts, table top model 

CHALK 

470.00 

1570-AHR 

Line Voltage Regulator, 230 volts, relay rock model 

curly 

465.00 

1S70-AHW 1 

Line Voltage Regulator, 230 volts, wail model. 

CLOSE 

465.00 


Patent AiipliMl I'or 

Delivery irom »tock aa with most Geneml Radio iMlrtimonti*. 


AUTOTRANSFORMERS FOR 350- 
1200-CYCLE SERVICE 


NEW VARIAC' 

TO 

Increasing use of higher-frequency 
power in jieronautical and marine de¬ 
signs, with its consequent saving in bulk 
and weight of iron-cored electrical de¬ 
vices. calls for voltage-control apparatus 
designed with the particular require¬ 
ments of these ser\dces in mind. Two 
new V'ariac* autotransformers, the 



Type M-2, rated at 2 amperes, and the 
Type M-5, rated at 5 amperes, are de¬ 
signed specifically to meet these require¬ 
ments. The M-5 Variac supplants the 
older Type fiO-A. Smaller and lighter 
than their sixty-cycle counterparts, they 
have been *‘beefed-up*' to withstand 
shock, vibration, and environmental 
testa under MIL-T-945A specifications. 
This “ruggedizing,” while not of primarv^ 
concern to the civilian user, does assure 
exceptional reliability under both ordi¬ 
nary and extraordinary service condi¬ 
tions. The use of a Duratrak* contact 
surface on all units is a still further 
guarantee of trouble-free operation. 

*A New Sutvdard of ReiUbiUly in Veriable Autotran*- 
formers, V'ariac^ with Dtiralrak — G€fural Radio Ex~ 
ptnmenUr. April, 1053. 

Figure 1. View of the Type M*2 Vorioc^ 
Autotransformer. 
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FEATURES 

The Type M-2 and Ty’pe M-5 Variacs 
incorporate several new features that, 
we feel, constitute distinct improve¬ 
ments over previous designs. 

The rectangular base, with its four 
comer holes, permits attachment of the 
Variac to walls and bulkheads without 
rear access, although the three tapped 
holes used in Types V-2 and V-5 Variacs 
are also provided. The base is also in 
better thermal contact \Nith the coil, and 
with the panel, for improved conduction 
of heat from tlie unit to its environment. 
An additional design feature permits 
back-to-back mounting of two coils on 
a single bjise for further weight and 
space economy in ganged assemblies. 

The radiators are counterbalanced to 
hold their setting under shock and vi¬ 
bration. This has formerly been a feature 
of larger Variacs only. 

Winding taps are concealed to pre¬ 
clude the possibility of damage to taps, 
leads, and winding during handling and 
installation. End-taps are not self-leads, 
but are deliberately brought in a few 
turns from the end of the winding. This 
I>ermit8 the brush to reach zero or maxi¬ 
mum voltage without traversing the end 
turn, which, owing to its position, is 
usually somewhat less secure and me¬ 
chanically stable than the other turns. 
It also avoids the possibility of the brush 
leaving the end of the winding at limit 
travel. 

“Angel-cake pan“ coil cups are an- 



Rgure 2. View of the coll cupt which enclose the core 

and comtitute the winding form. 

other feature. These molded cups, 
shown in Figure 2, fit tightly over the 
core to form a rigid, firm support for 
the winding. First used in Types 200-B, 
V-2, and V-5 Variac autotransformers, 
these coil cups resist deformation of the 
brush track far more effectively than do 
flat end-plates, because of their channel 
section. Their use also eliminates the 
need for fiber or paper wrap-arounds on 
the cylindrical core surfaces, thus effec¬ 
tively up-grading insulation quality. 

VOLTAGE RATINGS 

The Types M-2 and M-5 Variacs are 
designed for 115-volt, 350- to 1200- 
cycle, input; 0-115 or 0-135 volt output, 
determined by connections. Two-gang 
assemblies (G2) may l>e used in 115 volt, 
3-phase, open delta circuits, in two-phase 
circuits, or for the simultaneous control of 
two independent loads. Three-gang as- 


Figure 3. Dimensiont of the Type M>5 and the Type M>2 Variocs^. 

p. ^ 
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sembliefi (G3) are particularly adapted for 
w'ye connection in 208-230 volt, three- 
phase service. This use of the wye connec¬ 
tion is possible since the wye voltage of a 
230-volt circuit is 133 volts, and M-2 and 
M-5 coils are wound for 135 volts. 

LOW.VOLTAGE USE AT 60 CYCLES 

The Type M-2 and M-5 Variacs are 
also applicable to low-voltage 50-60 


cycle service. They have 37.5% of the 
core stack of comparable V-line Variacs 
and can thus be operated to ^ of ^’‘-line 
ma.\imum voltage, 50 volts at 50 cyclic. 
Tliis suggests their use for the single¬ 
phase or polyphase control of intt'r- 
mediate-voltage rectifiers, etc., pailicu- 
larly where space and weight may l^e at 
a premium. 

— Gilbert Smiley 


SPECIFICATIONS 


Lina Fraquancy: 

Input Voltaga: 
Output Voltaga: 


Type 
350 to 
1200 cpa. 
115 nominal 
0 to 136 
or 

0 to 115 
2 amperes 


3 amperes 


Type Af-5 
350 to 
1200 cps. 
115 nominal 
0 to 136 
or 

0 to 115 
5 amperes 


7.6 amperes 


Rotad Output Currant: 

Maximum Output Cur^ 
rant (for line-volt- 
age connection 
only): 


Type M~2 

No-Load Lots at 
400 Cyclas, watts: 3 

Numbar of Turns on 
Winding: 402 

D-C Resistance of 
Winding: 0.6 ohms 

Driving Torque: 10-20 

ounce-inches 
Net Weight, pounds: 1 

Dimensions: SCO Kigun* 3 


Type M~d 
G 

293 

1.3 ohms 
15-30 

ounce-inches 

m 

see Figiire 3 


Type 

Description 

Code Word 

Price 

M.2 

M.2G2 

M-2G3 

Variac. 

2- Gang Type M-2 Variac Assembly. 

3- Gang Type M-2 Variac Assembly. 

UAKiGY 

DAOOYGANDD 

BAGGYOANTY 

$15.50 

35.00 

52.50 

M-5 

Variac. 

CANNY 

22.50 

M-502 

2-6ang Type M-5 Variac Assembly. 

CANNTGANDU 

49.00 

M-5G3 

3-Gang Type M-5 Variac Assembly. 

CANNYOANTY 

73.50 


Pntont applied for. 


SUMMER 

During the weeks of July 20 and August 2, 
our Manufacturing Departments w'ill be closed 
for vacation. 

Our Sales, En^eering and Commercial Dtv 
partments will be operating normally. Shii)- 
ments of material in stock can be made prompt¬ 
ly. Inquiries, including requests for technical 


CLOSING 

and sales information, will receive immediate 
attention. 

Our Service Department requests that, be¬ 
cause of absences in the manufacturing and 
repair groups, shipments of material be sched¬ 
uled to reach us either well before or delayed 
until after the vacation period. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE! TRowbrldge 6* 4400 


BRANCH ENGINEERING OFFICES 


NEW YORK B. NEW YORK 
90 WEST STREET 
TEL.-worth f-27 22 


LOS ANGELES 39. CALIFORNIA 
1000 NORTH SEWARD STREET 


TEL.-HOIlfwcod 9 -6201 


CHICAGO 5. ILLINOIS 
920 SOUTH MICHIGAN AVENUE 
TEL.—WAbash 2-3020 


SILVER SPRING. MARYLAND 
I0S5 nth STREET 
TEL. JUnlper S-1091 
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